Introduction
In a recent paper in this journal, O'Neill et al. 1 analysed the costs and scale economies of neonatal care units in the United Kingdom in 1991 using regression analysis. They concluded that there are significant scale economies but that the results of cost analysis should be interpreted carefully. The form of economic modelling that O'Neill et al. used provides a view of cost relationships for the sample as a whole. This is useful, but the data that they presented can also be used to analyse the efficiency of individual units. This also permits an alternative view of the issue of scale effects. This paper reanalyses these data using data envelopment analysis, to demonstrate the value of this approach. The results suggest considerable variation in the efficiency of neonatal units, with the potential for large savings in cost if all were to operate as efficiently as the best.
Methods
Data envelopment analysis (DEA) is a linear programmingbased technique that establishes a 'frontier' based on efficient units and measures how far inefficient units are from this 'best practice' frontier.
2 Figure 1 illustrates this, based on a model of the production of health care in which resource 'inputs' are used to produce health care 'outputs'. For simplicity, the model illustrated has two inputs, staff and beds, used to produce one output, in-patient days. The best practice frontier, represented by the line AC, is made up of units A and C, which use the smallest possible combination of the two inputs to produce a particular level of output and therefore are operating efficiently. However, unit B is inefficient because it uses more inputs than would be necessary to produce the same level of output; this inefficiency is quantified by the ratio 0D/0B. DEA uses linear programming to construct such a frontier and to estimate this efficiency ratio. DEA can also measure scale economies, but unlike the method used by O'Neill et al., 1 which estimates scale economies for the sample as a whole, it is able to calculate for each individual unit whether it has increasing, constant or decreasing returns to scale.
Given these inefficiency scores, it is then also possible to calculate the potential cost reductions if a unit was to operate efficiently, by adjusting actual costs using the calculation: Efficient level of costs ϭ actual level of costs ϫ efficiency ratio.
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This estimates the level of costs that a unit would have if it were on the frontier; for example, if unit B in Fig. 1 operated at point D. This can be summed over all units to give an estimate of the savings if all adopted best practice.
The data set, which can be found in Table 1 of the determinants of cost, giving the examples of birth weight, illness severity and units' admission policies, because it was not clear how these should be included in their analysis. We therefore have to accept the limitations that this imposes on the analysis in this paper. Table 1 gives the calculated efficiency ratio expressed as a percentage for each of the 49 units, ranked by the size of score. Thirteen units are 100 per cent efficient and make up the best practice frontier. The same number are operating at less than 50 per cent efficiency, and the least efficient unit is operating at 23.63 per cent. Table 1 also shows for each unit whether the unit is operating, according to DEA, at increasing, constant or decreasing returns to scale. Efficient units tend to demonstrate constant returns to scale and inefficient units increasing returns to scale. Units that are technically efficient are also scale efficient, suggesting that technical inefficiency is as important as scale inefficiency as a source of higher costs. Table 2 further illustrates the presence of scale economies. The efficient units are larger than average, and the inefficient units smaller. In terms of total days of care, inefficient units are on average 68 per cent of the size of efficient units; in terms of total days of intensive care inefficient units are 46 per cent the size of efficient units. Inefficient units are also smaller in terms of average total costs, being 87 per cent the size of efficient units. Inefficient units cost 87 per cent as much as efficient units, but produce only between 46 and 68 per cent of the output of the efficient units.
Results
Case mix, at least that measured by the variables collected by O'Neill et al., does not appear to explain inefficiency. The ratio of total days of intensive care to total days of care (TDIC/TDC) is 0.24 for efficient units and 0.16 for inefficient units, indicating that efficient units undertake a more complex mix of cases. Table 1 also shows the potential cost savings. For example, for the most inefficient unit (47) operating at an efficiency level of 23.63 per cent with costs of £853 042, the efficient cost level would be £853 042 ϫ 23.63/100 ϭ £201 574. The suggestion is that this unit could provide its current level of output by spending £651 468 less, if it were operating as efficiently as the most efficient units. The average cost saving would be £289 677 with a range of £7286 to £986 642. Overall, this would give a cost saving, if all units operated efficiently, of £10 428 371, which is 23 per cent of the total costs of these units. An alternative way to view this is that with the same costs, 10 extra average-sized units could have been operated producing 57 000 extra days of care.
Discussion
DEA has been used many times in health care and is now accepted as a robust means of measuring the efficiency of multiple-input, multiple-output productive units, 2 with some applications reported in the United Kingdom.
3,4 This paper further demonstrates the usefulness of DEA, but it also has other uses, which lie beyond the scope of this paper. For example, it can be used to show the target areas in which savings can be made for each unit; for example, a unit could reduce numbers of doctors by a certain percentage to operate as efficiently as its benchmark comparators. The most appropriate of these efficient comparators for a particular inefficient unit can also be highlighted.
The data on which the results are based are rather old, and would have to be updated before any conclusions about the current operation of neonatal units could be drawn. Also, as the authors of the paper from which the data were taken acknowledge, additional data may be required to obtain a better specification of the model. However, the results demonstrate that the level of inefficiency was substantial, and cannot be explained by unit size or case mix. Cost savings if all units had been operating efficiently are therefore also substantial, suggesting that the NHS could have provided considerably more care for the same overall costs. These findings suggest that improvements in efficiency are likely to be as important as increases in NHS allocations as a means of increasing spending in priority areas. 
